5-HT
Introduction
receptors in a subgroup of subjects with no evidence of depressive symptoms, but not in a smaller subgroup There is abundant evidence that serotonergic function with well documented evidence of depression. is reduced in depression.
1,2 Furthermore a consistent A number of 5-HT 1D ligands and radioligands have feature of effective treatments is their ability to been developed. [10] [11] [12] [13] The 5-HT 1D␣ and 5-HT 1D␤ recepenhance serotonergic transmission. 3 tors have a very similar pharmacology, but can be disSeven classes of 5-HT (5-hydroxytryptamine, tinguished using ketanserin and ritanserin. 14 [ 125 I]GTI, serotonin) receptors are recognised; 5-HT [1] [2] [3] [4] ]GR 125743 are selective for 5-pharmacologically characterised, 5-HT 5-7 were ident-HT 1D receptors, 10,11,15-17 but do not distinguish the two ified by molecular biology and are less well characterforms of the receptor. The 5-HT 1D␤ receptor appears to ised. 4 The 5-HT 1 family is the largest with five subtypes be the dominant 5-HT 1D receptor in human brain. termed 5-HT 1A , 5-HT 1B , 5-HT 1D , 5-HT 1E and 5-HT 1F (the There are no selective ligands for 5-HT 1E and 5-HT 1F 5-HT 1C receptor is now accepted as belonging to the 5-receptors. They are labelled by [ 3 H]5-HT and are HT 2 family, and is termed 5-HT 2C ). 4 Two types of 5-characterised by their low affinity for 5-carboxamido-HT 1D receptor have been reported, termed 5-HT 1D␣ and tryptamine (5-CT), compared to other 5-HT 1 recep-5-HT 1D␤ . 5, 6 The 5-HT 1B receptor in the rat and mouse tors. 18, 19 In human frontal cortex these receptors is the species homologue of the 5-HT 1D␤ receptor in account for over 40% of the total 5-HT 1 receptors. 20 humans. They have not been studied to date in relation to Studies of the possible involvement of 5-HT 1 recepdepression. tors in depression have been largely limited to the 5-In the present study we have used [
3 H]5-HT with HT 1A receptor. The 5-HT 1D receptor is of potential selective pharmacological blockade to examine 5-HT 1D interest because it functions as a nerve terminal autoreand 5-HT 1E/1F receptors (see Methods) in a group of ceptor, regulating the release of 5-HT. 7, 8 To date only suicides, restricted to those with a firm retrospective one study has examined 5-HT 1D receptors in relation diagnosis of depression. We have studied separately to depression. Arranz et al 9 measured 5-HT 1D receptor those subjects who were free of antidepressants for at binding in frontal cortex of suicides. Although they least 3 months prior to death, and those in whom the found no significant difference overall compared to prescription of antidepressant drugs was clearly documatched controls, they found lower numbers of 5-HT 1D mented. Four brain regions were studied -frontal and parietal cortex, putamen and globus pallidus. We chose frontal cortex as this region is implicated in depression comparative purposes. We have selected two areas of oughly mixed and stored in air-tight containers at −80°C until assayed. Brain areas studied were frontal the basal ganglia for study since structural and metabolic changes have been reported in affective discortex (Brodmann area 10), parietal cortex (Brodmann area 7), putamen and globus pallidus. orders. [22] [23] [24] In human brain, the highest density of 5-HT 1D receptors is found in globus pallidus, 20 making it potentially interesting in relation to depression.
Tissue preparation Membranes were prepared essentially as described by Cheetham et al. 26 Frozen brain tissue was homogenised Materials and methods in ice-cold 0.25 M sucrose (1 : 20 w/v) using a motordriven teflon pestle (eight strokes at 120 rpm), and cenSubject selection Deaths recorded as suicide at Coroners' inquest were trifuged (at 4°C) at 1000 g for 10 min. The supernatant was stored on ice and the pellet rehomogenised in subjected to retrospective diagnosis by a psychiatrist (CLEK), using hospital and Coroners' records and inter-0.25 M sucrose (1 : 10 w/v) and centrifuged at 750 g for 10 min. Combined supernatants were diluted with views with the subject's medical practitioner. Suicides were divided into five groups according to the classi-50 mM Tris-HCl buffer, pH 7.4 (at 25°C) to 1 : 100 w/v and centrifuged at 35 000 g for 10 min. The membrane fication of Beskow et al. 25 The subjects included in this study came from group 1 (endogenous depression) and pellet was resuspended in 50 mM Tris-HCl buffer (1 : 50 w/v) and incubated at 37°C for 10 min to remove group 2 (depressive syndrome) only. Subjects from groups 3, 4 and 5, with diagnoses of schizophrenia, endogenous 5-HT, then centrifuged at 35 000 g for 10 min. The pellet was washed by resuspension in 50 mM personality disorder, epilepsy, alcohol or other drug abuse, alone or in combination with depression, and
Tris-HCl buffer (1 : 100 w/v) and centrifuged at 35 000 g for 10 min. The final pellet was resuspended those with no clear psychiatric diagnosis, were excluded. Information on current and previous drug in 50 mM Tris-HCl buffer at a concentration of 5.3 mg original wet weight ml
for cortical areas and treatment was sought and blood samples obtained at post-mortem were analysed for the presence of psy-2.6 mg ml −1 for putamen and globus pallidus, and immediately used in the binding assay. choactive drugs. This information allowed two distinct groups of suicides to be studied. Group 1. Antidepressant-free suicides (n = 20). These Binding assays Total 5-HT 1 , 5-HT 1D/1E/1F and 5-HT 1E/1F binding was subjects had not been prescribed antidepressant drugs within 3 months prior to death. Causes of death were determined concurrently (as previously described).
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Assays were performed in 5-ml plastic tubes. Drug solhanging (n = 8), carbon monoxide poisoning (n = 5), drug overdosage (n = 5), self-inflicted wounding (n = 1) utions were prepared in water, and ligand in 50 mM Tris-HCl buffer, pH 7.4 (at 25°C). Common to all assays and jumping from height (n = 1). Control brains for this group were from subjects who died suddenly from were 500 l freshly prepared membranes, 100 l of 50 mM Tris-HCl buffer, pH 7.4 containing 4 mM calcauses not involving the central nervous system, and without documented evidence of mental illness. Concium chloride (final concentration) and 0.1% ascorbate, 100 l water (total binding) or unlabelled 5-HT trols were individually matched for age (75% within 5 years) and gender. Causes of death were myocardial (10 M, to define non-specific binding) and 100 l [ , NEN Dupont, Boston, MA, infarction (n = 17), accidental fall (n = 1), acute asthma (n = 1) and road traffic accident (n = 1).
USA) at eight concentrations (0.5-32 nM final). 5-HT 1D/1E/1F binding sites were characterised by the presGroup 2. Antidepressant-treated suicides (n = 16). Prescription of antidepressant drugs was clearly docuence of 100 l (−)pindolol (500 nM final) and 100 l mesulergine (100 nM final) to block 5-HT 1A and 5-HT 2C mented in this group. Details of drug treatment and causes of death for these suicides are shown in Table 1 .
receptors respectively. (5-HT 1B receptors are absent in human brain.) 27 5-HT 1E/1F binding was characterised by A second control group was individually matched for age (100% within 5 years) and gender to the antide-100 l 5-carboxamidotryptamine (5-CT, 100 nM final) and 100 l mesulergine (100 nM final) to block 5-HT 1A , pressant-treated suicides. Causes of death for controls were myocardial infarction (n = 12), road traffic acci-5-HT 1D and 5-HT 2C receptors. 5-HT 1D binding was determined by subtraction of the B max for 5-HT 1E/1F dent (n = 2), drowning (n = 1) and viral pneumonia (n = 1).
from 5-HT 1D/1E/1F binding. Two hundred microlitres of water replaced pindolol/5-CT and mesulergine to give total 5-HT 1 binding. Tissue collection, dissection and storage Tissue collection, dissection and storage were as preSamples were mixed thoroughly and incubated at 37°C for 20 min. Membrane-bound radioactivity was viously described by Cheetham et al. 26 Briefly, brains were obtained within 78 h of death and stored at −80°C.
recovered by filtration under vacuum through Whatman GF/C glass fiber filters using a Brandel cell harEighteen hours prior to dissection, brains were transferred to −20°C. Coronal sections (3 mm thick) were cut vester (Gaithersburg, USA). Filters were washed with 16 ml ice-cold 50 mM Tris-HCl buffer. Radioactivity and dissected on a perspex surface cooled with carbon dioxide granules. Great care was taken to include only was determined by liquid scintillation counting using Packard scintillator 299 at an efficiency of 39-44%. grey matter in cortical samples. Dissected areas were finely chopped into approximately 3-mm cubes, thorAliquots of membrane were stored at −20°C for sub- Table 3 . The number of total 5-HT 1 , 5-HT 1D and 5-HT 1E/1F binding sites did not differ between suicides binding model. Comparisons between groups were made using unpaired t-test of log transformed data with and controls in putamen, frontal cortex and parietal cortex. However in globus pallidus the number of 5-Bonferroni's multiple comparison test. Correlations were determined using Pearson's correlation.
HT 1D sites was significantly higher in suicides than controls (by 24%, t = 2.52, P Ͻ 0.05), whereas 5-HT 1E/1F sites did not differ (t = 0.13, ns, Table 3 ). Individual Results B max values in globus pallidus are shown in Figure 1 .
When suicides were divided according to violence of Demographic details of subjects are shown in Table 2 . There were no significant differences in age, gender, death, the higher density of 5-HT 1D sites seen in globus No significant differences were found in K d values between antidepressant-free suicides and matched controls in any of the brain regions studied (Table 4) .
5-HT 1D and 5-HT 1E/1F binding in antidepressanttreated suicides and controls
Significant negative correlations were found between post-mortem delay and total 5-HT 1 B max (putamen, P = 0.05) and 5-HT 1D B max (globus pallidus, P = 0.009). In parietal cortex, significant negative correlations were found between age and total 5-HT 1 B max (P = 0.016) and 5-HT 1E/1F B max (P = 0.035). There were no significant correlations between age or post-mortem delay and K d values.
B max values for [ Table 5 . B max values did not differ between antidepressant-treated suicides and controls in any of the regions studied, or when suicides were divided according to violence of death. There was considerable variation in the duration of antidepressant treatment (Table 1) . Some subjects had relatively short treatment (up to 4 weeks, n = 7) and some had received longer treatment (over 11 weeks, n = 9). Even when only those subjects with longer antidepressant treatment were considered, there were still no differences in B max values compared to matched controls.
K d values for antidepressant-treated suicides showed more variability than for antidepressant-free suicides in those suicides dying by drug overdosage (ie nonviolently) and were absent in those dying by violent means. pallidus ( Figure 2 ) was restricted to suicides who died by violent means (by 38%, t = 2.69, P Ͻ 0.05, suicides n = 10, controls n = 9). Non-violent suicides did not difDiscussion fer from their matched controls (t = 0.97, ns, suicides n = 10, controls n = 9). B max values for 5-HT 1D and 5-In the present study we have attempted to examine the potential role of some of the more recently defined 5-HT 1E/1F sites did not differ between violent or nonviolent suicides and their matched controls in HT 1 receptor subtypes in depression. Although there are relatively selective radioligands for 5-HT 1D recepputamen, frontal cortex or parietal cortex. differences, or even trends suggestive of such differences, in the numbers of 5-HT 1E/1F receptors in globus receptors) to measure combined 5-HT 1D/1E/1F receptors. 5-CT was used to distinguish 5-HT 1D from 5-HT 1E/1F pallidus, or of any receptors measured in other regions. Frontal cortex Control 14 250 ± 7 164 ± 7 102 ± 5 6 2 ± 8 Suicide 15 256 ± 13 171 ± 9 9 6 ± 6 7 5 ± 9
Parietal cortex Control 16 211 ± 8 147 ± 6 9 3 ± 5 5 3 ± 5 Suicide 16 224 ± 12 150 ± 7 9 4 ± 6 5 6 ± 6 B max , fmol mg −1 protein.
Values are means ± s.e.m. n = number of subjects. None of the comparisons between controls and suicides reached statistical significance (P Ͻ 0.05, unpaired t-test with Bonferroni's multiple comparison test).
We need to consider the factors that might influence thus be a reflection of the small proportion of suicides within this group who died by violent means. this apparently selective increase in 5-HT 1D receptors. Suicides and controls were well matched for age and Our approach does not allow the determination of the K d of [
3 H]5-HT binding to 5-HT 1D receptors. In antipost-mortem delay, and we found no evidence for a relationship between 5-HT 1D receptors and these varidepressant-free suicides, there were no differences in K d values for total 5-HT 1 , 5-HT 1D/1E/1F and 5-HT 1E/1F ables in antidepressant-free suicides, either in globus pallidus or the other brain areas studied. The higher receptors in any region. In contrast, K d values were generally higher, although not markedly or consistnumber of 5-HT 1D receptors was almost entirely restricted to those suicides who died by violent means ently so, in antidepressant-treated suicides (Table 4) . These findings are consistent with an interaction of ( Figure 2 ). This discounts the possibility of an effect related to the ingestion of toxic agents. We therefore antidepressant drugs (either in treatment or in overdosage) with 5-HT 1 receptors. feel confident that this difference has not arisen artefactually.
The only previous study to examine 5-HT 1D receptors in suicide was restricted to the frontal cortex. 9 The Within those subjects who had been prescribed antidepressants, there were no differences in the number number of 5-HT 1D receptors did not differ in a subgroup of suicides with documented evidence of of 5-HT 1D and 5-HT 1E/1F receptors in any of the brain regions studied. The lack of difference in 5-HT 1D binddepression, or in suicides who died violently. These results are consistent with the present study. Arranz ing in the globus pallidus in this group contrasts with the increased 5-HT 1D binding found in the antidepresset al 9 did however report lower 5-HT 1D binding in a subgroup of suicides who had no evidence of depressant-free suicides. A possible explanation is that antidepressant treatment may have reduced the number of 5-ive symptoms (from medical records and information from closest relatives). The present study was restric-HT 1D receptors. This is in keeping with evidence in the guinea pig that the nerve terminal 5-HT autoreceptor ted to suicides with a firm retrospective diagnosis of depression, and therefore we are unable to comment (5-HT 1D ) densensitises in hypothalamus and hippocampus during long-term administration of some antifurther on the findings of Arranz et al.
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Despite the growing number of morphological and in depressant drugs. 30 However no studies appear to have examined the effect of antidepressants on 5-HT 1D bindvivo imaging studies implicating the basal ganglia in affective disorders, few neurochemical studies have ing. Also if antidepressants decrease 5-HT 1D binding, one would have expected to see reduced binding in examined these regions. We have recently studied dopamine D 1 and D 2 receptors and found them to be other brain regions; this clearly did not occur. On balance it is therefore unlikely that our results can be attriunaltered in caudate, putamen and nucleus accumbens of depressed suicides. 31 We have also found unaltered buted to the effects of antidepressant treatment.
A more plausible explanation relates to the pro-5-HT uptake sites, labelled with [ The increase in 5-HT 1D receptors in globus pallidus was rather a surprise finding and one that cannot easily results in globus pallidus were obtained from five suicides who died violently. These subjects showed 20% be incorporated into current neuroanatomical substrates of depression. It is known from animal studies higher 5-HT 1D binding in the suicides (controls 216 ± 31, suicides 259 ± 7 fmol mg −1 protein), whereas that 5-HT 1D receptors act as nerve terminal autoreceptors for 5-HT. 7, 8 The increase in 5-HT 1D receptors might suicides dying non-violently did not differ from controls. The lack of difference in 5-HT 1D binding in gloimply an increased serotonergic innervation of the globus pallidus in depression. However we believe this bus pallidus in antidepressant-treated suicides may it difficult to judge the relevance of the present find- have argued that this is a reflection of the smaller pro- 
